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Abstract
Background:  There are no data regarding the relationship between maternal adiposity and
interaction and feeding of infants and possible contribution to childhood obesity. In this study we
determined the relationship between maternal body weight and composition and infant feeding
patterns and maternal-infant interaction during 24-hour metabolic rate measurements in the
Enhanced Metabolic Testing Activity Chamber (EMTAC).
Methods: The amount of time four obese (BMI = 33.5 ± 5.3 kg/m2) and three normal weight (BMI
= 23.1 ± 0.6 kg/m2) biological mothers, spent feeding and interacting with their infants, along with
what they ingested, was recorded during 24-hour metabolic rate measurements in the EMTAC.
The seven infants were 4.9 ± 0.7 months, 69 ± 3 cm, 7.5 ± 0.8 kg, 26 ± 3 % fat and 29 ± 25 percentile
for weight for length. Energy and macronutrient intake (kcal/kg) were assessed. Maternal body
composition was determined by air displacement plethysmorgraphy and that of the infants by skin-
fold thicknesses. Pearson correlations and independent t-tests were utilized for statistical analysis
(p < 0.05).
Results: Infants born to obese biological mothers consumed more energy (87.6 ± 18.9 vs. 68.1 ±
17.3) and energy as carbohydrate (25 ± 6 vs.16 ± 3; p < 0.05) than their normal weight
counterparts. Most of the increased intake was due to complementary feedings. Twenty-four hour
infant energy intake increased with both greater maternal body weight (r = 0.73;p < 0.06) and
percent body fat. Furthermore, obese biological mothers spent less total time interacting (570 ±
13 vs. 381 ± 30 minutes) and feeding (298 ± 32 vs.176 ± 22 minutes) (p < 0.05) their infants than
their normal weight counterparts. Twenty-four hour interaction time negatively correlated with
both maternal body weight (r = -0.98; p < 0.01) and percent body fat (r = -0.92; p < 0.01).
Moreover, infants of obese mothers slept more (783 ± 38 vs. 682 ± 32 minutes; p < 0.05) than their
normal weight counterparts. However, there were no differences in total 24-hour energy
expenditure, resting and sleeping metabolic rates (kcal/kg) for infants born to obese and normal
weight biological mothers.
Conclusion: Greater maternal body weight and percent body fat were associated with greater
infant energy intakes. These infants were fed less frequently and consumed more carbohydrates in
a shorter period of time as compared to infants from normal weight biological mothers. These
variations in feeding patterns may predispose certain infants to obesity.
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Introduction
Childhood obesity is now recognized as a national health
epidemic, doubling among children 6–11 years old
between the last (1976–1980) and the present (1999–
2000) National Health and Nutrition Examination Sur-
veys. Obesity in early childhood leads to more severe
adult obesity [1]. Overweight and obese children are fac-
ing adult onset disease type risk factors such as cardiovas-
cular heart disease, elevated blood pressure and type II
diabetes [2]. Presently, type II diabetes represents 8–45%
of all new cases of diabetes diagnosed in children and
adolescents [2]. This epidemic increase in childhood
obesity can only lead to a lower quality and duration of
life and increased health care costs [3,4].
Many studies have identified the influence of genetics and
environmental factors on potential causes of childhood
obesity [5,6] and [7]. Some of these include having obese
biological parents [8] and biological mothers being of a
low social economic status [9,10]. There are other factors
in early infancy that may also contribute to obesity in
childhood. For example, being born small or large for ges-
tational age [11], breast feeding less than three months
[12], exposed to early introduction of complementary
foods [13] and/or excess fruit juice consumption [14].
There may be many other potential factors that may con-
tribute to childhood obesity but as yet undiscovered.
The relationship between maternal body composition
and infant and maternal interaction and feedings have not
been studied. Obese biological mothers may interact in
such a way as to possibly contribute to greater energy
intake in their infants earlier in life. Recently we published
the results of 24-hour metabolic measurements in four-to-
six month old infants in the Enhanced Metabolic Testing
Activity Chamber (EMTAC) [15]. This study allowed col-
lection of data to assess the relationship between maternal
body composition and infant feeding and interaction
patterns.
Methods
Subjects
The data for this analysis were derived from a previous
study of 24-hour metabolic rate and physical activity in
infants. Data from seven infants were complete in regards
to metabolic rate, physical activity and body composition
in both the infants and biological mothers. Moreover,
complete data in regards to complementary food or for-
mula intake were available. The physical characteristics of
the biological mothers are shown in Table 1 and that of
their infants in Table 2. Biological mothers were classified
as obese (BMI >30 kg/m2) or of normal weight (BMI <
24.9 kg/m2) [16]. The mothers and their infants were
recruited from the Outpatient Clinic of Miami Children's
Hospital in Miami. A complete explanation regarding the
purpose, procedure, risks and benefits of the study and
informed consent was obtained from the biological
mother of each infant at the time of the metabolic study.
The study was approved by the Institute Review Board of
Miami Children's Hospital.
Maternal Anthropometry
Maternal height was measured using an Ayrton Model
S100 hospital grade stadiometer (QuickMedical Inc., Sno-
qualmie WA) and weight was determined on a digital bal-
ance (LMI Inc., Concord, CA). Thereafter, body
composition was measured by air displacement plethys-
mography using the BodPod Body Composition System
(LMI Inc., Concord CA). The principle of the method is
similar to hydrostatic weighting except that body volume
is obtained by air displacement instead of water. The
subjects sat for two 50 second testing sessions in a 450-
liter chamber. A moving diaphragm determined the dif-
ference in air pressure between where the subject sat in the
front chamber and a rear reference chamber. The pressure
difference, along with the subject's body weight, was used
to calculate body volume. From these results body fat was
calculated using the Siri equation [17].
Infant Anthropometry
On the day of the study supine length (crown to heel) was
measured in duplicate with a horizontal stadiometer (Per-
spective Enterprises, Kalamazoo, MI) and body weight
was the average of two measurements obtained with an
infant scale (Cardinal Detecto, Webb City, MO). Skin-fold
thicknesses were the mean of two measures at each of five
sites (biceps, triceps, sub scapular, flank and quadriceps)
on the right side of the body using a Lange skin-fold cali-
per (Beta Technology, Cambridge, MD) according to a
standard procedure [18]. Body fat and fat-free mass were
calculated by appropriate equations [19].
Maternal interaction and infant feeding patterns
Energy and macronutrient intakes were determined from
the formula and infant food manufacturer's proximate
analysis for the nutrient components [20]. The amount of
each food consumed by the infant during the 24-hour
period was recorded. The actual amount of formula con-
sumed by the infant was determined using calibrated
infant feeding bottles and the amount of complementary
feeding was also determined. The recording of energy and
macronutrient intake started one-hour prior to and ended
one-hour before the conclusion of the 24-hour metabolic
testing period. The one-hour off-set was necessary to
include or exclude energy consumed before and after the
metabolic testing period which compensates for varia-
tions in feedings and the intestinal transient time in this
age group of infants [15].Nutrition Journal 2005, 4:17 http://www.nutritionj.com/content/4/1/17
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Only the biological mothers were present and cared for,
fed and interacted with infants during the entire 24-hour
testing period. During metabolic testing, biological moth-
ers continued to feed their infants at their discretion in the
same manner as before the study. They brought the milk
formula and complementary foods they selected to the
laboratory. The biological mothers were advised not to
alter their infant feeding practices for the duration of the
study. All infants born to normal weight biological moth-
ers and one from an obese biological mother were only
formula fed prior to and during metabolic measurements.
Three out of the four infants born to obese biological
mothers were receiving complementary foods beginning
just after four months of age and were fed such during the
study. The complementary foods included rice cereal,
mixed vegetables, Beachnut® apple sauce and dessert fruit
pudding. Six of the infants were fed Carnation Good Start®
with iron while one was fed Carnation Alsoy®.
One member of the research team in charge of the 24-
hour metabolic study was always directly involved with
the testing procedure and was in close proximity to the
infant and available to parents to address questions and
concerns during the 24-hour period. The investigators
acted as observers and recorded infant feedings, amount
and type of formula fed along with consumption of com-
plementary foods. Upon completion of the 24-hour met-
abolic measurement, macronutrient intake was
determined from the amount of formula or complemen-
tary food fed utilizing the manufacturer's proximate anal-
ysis. This methodology of determining nutrient intake is
valid and has been utilized in several previous studies in
infants [21,22] and adults [20,23]. Investigators also
recorded the interaction time and type of interaction and
the observed periods of infant sleep. Furthermore, any
other contact with the infant during the entire 24-hour
testing period was also recorded.
The mean amount of time infants spent feeding was cal-
culated by taking the sum of the time of all feeding peri-
ods and dividing by the number of feedings over the 24-
hour testing period. The mean time between feedings
during the day was calculated by taking the sum of the
time intervals between each feeding session from 9:30 AM
-11:30 PM and dividing by the number of feedings over
the same period. The day and night periods were chosen
Table 1: Physical characteristics of normal and obese biological mothers
Parameter for biological mothers Normal weight Obese
Number of subjects 3 4
Body weight (kg) 57.8 ± 2.0 85.6 ± 12.0*
Height (cm) 158 ± 3.8 152 ± 5.1
Age (y) 27.7 ± 10.6 28.8 ± 3.2
BMI (weight;kg/height2;m) 23.1 ± 0.6 33.5 ± 5.3*
Body fat (%) 35 ± 2 44 ± 5*
* p <0.05
Table 2: Physical characteristics of infants born to normal weight and obese biological mothers
Parameter for infants Biological Mothers
Normal weight Obese
Body weight (kg) 7.4 ± 0.6 7.4 ± 1.1
Length (cm) 69 ± 6 69 ± 0.9
Age (months) 4.7 ± 0.1 5.1 ± 1.0
BMI (weight;kg/height2;m) 15.6 ± 1.4 15.8 ± 1.9
Body fat (%) 26 ± 2 26 ± 3
Weight for length (percentile) 27 ± 23 31 ± 30
Weight for length Z-score -0.1 ± 0.9 0.07 ± 1.20
Weight for age (percentile) 72 ± 20 73 ± 17
Weight for age Z-score -0.02 ± 1.20 0.02 ± 1.00
Length for age (percentile) 73 ± 23 89 ± 9
Length for age Z-score -0.4 ± 0.6 0.39 ± 0.28Nutrition Journal 2005, 4:17 http://www.nutritionj.com/content/4/1/17
Page 4 of 13
(page number not for citation purposes)
to conform to the standards of previous 24-hour meta-
bolic studies [24,25]. The mean time between feedings for
the entire testing period was calculated in a similar man-
ner but included all feedings over the course of the 24-
hour metabolic measurement.
Interaction time was calculated by taking the sum of all
data summary periods were the biological mother was
interacting with her infant. Each data summary period
was a five minute mean of continuous measurements of
energy expenditure and physical activity index. The 24-
hour testing period consisted of 288 five minute data
summary periods. Interaction recorded included feeding,
holding and cuddling the infant as well as diaper changes.
In a similar manner the total amount of interaction time
by biological mothers one hour prior to feeding was cal-
culated by taking the sum of all summary periods one
hour prior to each feeding episode. Finally, the total time
infants spent engaged in feeding was calculated by taking
the sum of all summary periods were the infant was being
fed [15]. Feeding included all formula and complemen-
tary foods.
Measurements of metabolic rate and physical activity
Biological mothers were given instruction on how to
interact with their infants while in the EMTAC and was
allowed time to practice using the hand access ports prior
to metabolic testing (Figure 1). Once all of the instruction
and instrument calibrations were completed each infant
was placed in the EMTAC for 24-hours from 9:30 AM till
9:29 AM the following day for continuous measurements
of energy expenditure (EE; kcal/min) and physical activity
(PA; oscillations in weight/min/kg body weight) as
described previously [15]. Any supplies such as diapers,
formula, complementary infant foods or toys were placed
in the EMTAC in hanging bags before the start of the test.
The mother of the infant being studied was provided lodg-
ing within the laboratory during the entire testing period.
There were no restrictions in regards to room lighting,
feeding or interaction of the infant or with any of the
activities of the family during the entire testing procedure.
Energy expenditure (kcal/min) was continuously calcu-
lated during metabolic testing according to the method of
Jequier [25] and summarized every five minutes as
described previously [26]. At the conclusion of each met-
abolic test, all metabolic data were corrected for parental
interaction, prior to the calculation of resting (RMR; kcal/
kg/day) and sleeping metabolic rates (SMR; kcal/kg/d) as
described previously [15]. All metabolic results were
expressed as kcal/kg body weight/day.
The small number of infants in the study was due to the
difficulties in recruiting biological mothers willing to stay
in or around the laboratory for almost 30 hours. This time
was necessary to instruct the biological mothers on how to
interact and feed their infants using the hand access ports
of the EMTAC and allow practice sessions prior to the start
of the 24-hour metabolic measurement. Furthermore,
body size and composition measurements had to be
obtained for both the infants and biological mothers prior
to the metabolic test. Moreover, the EMTAC had to be pre-
pared and calibrated prior to the start of the 24-hour met-
abolic measurement.
Statistical Analysis
Person correlations were used to determine the relation-
ship between the mother's anthropometry and interaction
time and energy intake. Independent t-tests were used to
determine differences in all metabolic and feeding param-
eters studied between obese and non-obese biological
mothers. Significance (p < 0.05) was determined at the
five percent level of probability.
Results
Height and age were similar among the normal weight
and obese biological mothers. The latter had a greater
body weight, BMI and percent body fat (Table 1) in com-
parison to their normal weight counterparts (p < 0.05).
Furthermore no differences existed in regards to body
weight, body composition and growth performance
between infants of normal and obese biological mothers
(Table 2). The similarity of the infants in terms of growth
performance at the time of the study was further verified
by the lack of significant differences in Z-scores obtained
for weight for length, weight for age and length for age
percentiles. None of the growth assessment parameters of
the infants were more than 0.4 standard deviations from
the mean.
Infants born to obese biological mothers consumed more
energy, and energy as carbohydrate, than their normal
weight counterparts (Table 3). Three, out of the four
infants born to obese biological mothers consumed com-
plementary foods. The amount of energy consumed from
complementary foods by these infants of obese biological
mothers was 18.3 ± 2.5 kcal/kg. This was in addition to
the energy intake of 69.1 ± 20.3 kcal/kg from formula for
these same infants. However, energy intake from protein
and fat, for both complementary feedings and formula,
were similar among the two groups (Table 3). The amount
of formula intake was also similar (90.1 ± 16.3 vs. 98.9 ±
35.4 ml/kg) between the infants born to obese and the
normal weight biological mothers. There was a significant
(p < 0.05) correlation between total energy intake and
maternal body weight (r = -0.73; p < 0.06; Figure 2a).
Obese biological mothers spent less time interacting and
feeding their infants over the course of the 24-hour testing
period (Table 3). There was a negative correlationNutrition Journal 2005, 4:17 http://www.nutritionj.com/content/4/1/17
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Photos showing the interaction between the biological mother and her infant utilizing the hand access ports of the EMTAC Figure 1
Photos showing the interaction between the biological mother and her infant utilizing the hand access ports of the EMTAC.Nutrition Journal 2005, 4:17 http://www.nutritionj.com/content/4/1/17
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between total 24-hour interaction time and both maternal
body weight (r = 0.98; p < 0.01, Figure 3a) and body fat (r
= 0.92; p < 0.01, Figure 3b). Moreover, overweight biolog-
ical mothers spent less time interacting with their infants
one hour prior to feeding (Table 3). The pattern of mater-
nal interaction over the course of the 24-h testing period
is shown in Figure 4. Normal weight biological mothers
interacted with their infants more over the course of the
24-hour testing period than the obese biological mothers
(Figure 4). When considering just the hour prior to each
feeding, normal weight biological mothers interacted
with their infants more than their obese counterparts
(Table 3). The increased interaction was more significant
(p < 0.05) during the day time hours (9:30 AM till 11:30
PM) while during the evening hours (11:31 PM till 5:30
AM) the difference in interaction time between normal
and obese biological mothers was less significant (p <
0.10; Figure 4). Finally, infants of overweight biological
mothers spent more time sleeping (Table 3) than their
normal weight counterparts.
The number of feedings and the amount of time necessary
for each meal tended to be less for the infants of obese
biological mothers, however, these differences were not
significant (Table 3). There was also a tendency for infants
of obese biological mothers to consume more energy at
each feeding in comparison to those of normal weight
mothers. Furthermore, infants of obese biological moth-
ers tended to allow more time in between feedings during
the day and over the entire 24-hour testing period (Table
3).
There were no significant differences in any of the meta-
bolic parameters between infants from obese and normal
weight biological mothers (Table 4). However, there was
a tendency for a higher respiratory quotient and a greater
amount of physical activity in those infants born to obese
biological mothers.
Discussion
In this study we demonstrated through direct observation
that infants born to obese biological mothers ingested
more energy and a greater amount of that energy were
derived from the carbohydrates present in complemen-
tary foods. Furthermore, increased maternal body weight
and fatness were related to increased 24-hour energy
intake. Moreover, increased body weight and fatness of
the biological mothers resulted in a decline in the amount
of time spent interacting with their infants during the 24-
hour testing period. This included less time spent feeding
the infant, and particularly a lower amount of interaction
one hour prior to feedings.
Table 3: Nutrient intake and feeding profile for the infants born to normal weight and obese biological mothers
Parameters for infants Biological Mothers
Normal weight Obese
Energy intake from formula (kcal/kg) 68.1 ± 17.2 69.1 ± 20.3
Energy intake from complementary foods (kcal/kg) 0 18.3 ± 2.5
Total 24-h energy intake (kcal/kg body weight)1 68.1 ± 17.2 87.6 ± 18.9
Formula intake (ml/kg body weight) 90.1 ± 16.3 98.9 ± 35.3
Energy intake from CHO (kcal/kg body weight)2 16 ± 3 25 ± 6*
Energy intake from PRO (kcal/kg body weight)3 4 ± 1 6 ± 3
Energy intake from FAT (kcal/kg body weight)4 38 ± 10 38 ± 12
Energy intake per feed (kcal/kg body weight) 7.4 ± 1.2 12.9 ± 4.8
Number of feedings (#) 9.3 ± 2.1 7.3 ± 2.2
Duration of each feeding (min) 33 ± 6 26 ± 5
Average time between feedings over 24-hours (min) 127 ± 28 188 ± 39
Average time between feedings over the day (min) 88 ± 32 108 ± 43
Total 24-hr total feeding time (min) 298 ± 32 176 ± 22*
Total 24-hr interaction time (min) 570 ± 13 381 ± 58*
Total interaction time one hour prior to feedings (min) 157 ± 29 68 ± 34*
Number of infants who had night time feedings 3 3
Total sleeping time (min) 682 ± 32 783 ± 38*
* = p < 0.05
1 24-hr EI = Twenty four hour energy intake expressed per kg body weight
2 CHO = Carbohydrate expressed per kg body weight
3 PRO = Protein expressed per kg body weight
4 FAT = Fat expressed per kg body weightNutrition Journal 2005, 4:17 http://www.nutritionj.com/content/4/1/17
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Correlation between 24-hour energy intake (kcal/kg/d) with both maternal body weight (kg; Figure 1a top plot) and body fat  (%; Figure 2b bottom plot) for the seven infants in this study Figure 2
Correlation between 24-hour energy intake (kcal/kg/d) with both maternal body weight (kg; Figure 1a top plot) and body fat 
(%; Figure 2b bottom plot) for the seven infants in this study.
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Correlation between interaction time (minutes) with both maternal body weight (kg; Figure 1a top plot) and body fat (%; Fig- ure 1b bottom plot) for the seven infants in this study Figure 3
Correlation between interaction time (minutes) with both maternal body weight (kg; Figure 1a top plot) and body fat (%; Fig-
ure 1b bottom plot) for the seven infants in this study.
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Twenty-four hour interaction profile for infants born to normal (top) and obese (bottom) biological mothers Figure 4
Twenty-four hour interaction profile for infants born to normal (top) and obese (bottom) biological mothers. The Y-axis rep-
resents the mean amount of interaction time over each five minute period. There are 288 five minute summary periods during 
a 24-hour metabolic measurement. A Obese biological mothers spent less time (p < 0.05) interacting with their infants during 
the day (9:30 AM till 11:30 PM) than their normal weight counterparts. Similar differences occurred during the evening hours 
(11:31 PM till 5:30 AM) but the differences were not significant.
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The biological mothers were able to freely interact with
their infants in a comfortable setting. However, none of
the biological mothers reported being uncomfortable
with their infant being in the EMTAC or staying at the lab-
oratory during the metabolic testing. Furthermore, they
did not report any difficulties in interacting or feeding
their infant utilizing the hand access ports of the EMTAC.
Nonetheless, it is possible that the unfamiliar surround-
ings of the metabolic laboratory might have contributed
to some changes in infant feeding practices not present in
their maternal home setups.
Excess energy consumption early in an infant's life of
those born to obese mothers, possibly accelerated with
complementary food intake, might set the stage for future
childhood obesity. In this study, there were no significant
differences in infant body weight or composition between
four to six months of age among the two groups of infants
studied. However, infants of obese biological mothers
consumed an average of 19.7 kcal/kg body weight more
than the infants born to normal weight mothers during
this study. Assuming that approximately 4900 kilocalories
are needed per kilogram of body weight gain [27], it
would take the infants of obese biological mothers a
considerable amount of time to become obese if they
would continue ingesting this amount of excess calories
each day. This might explain why investigators report that
it takes up to two years before a noticeable gain of body
fat is observed in young children [1,28]. In overfed adults
66% of body weight gain is fat while the remainder is fat-
free mass [29]. It is possible that overfeeding infants over
a long period of time causes excess body weight gain of
similar composition. However, no studies to date have
quantified the composition of body weight gain in over-
fed infants from the time of birth.
Early introduction of complementary foods might
increase body weight gain. In one study, early introduc-
tion of complementary foods was associated with greater
infant body weight gain [30]. Other investigators [31]
reported that complementary foods introduced to infants
between 9 and 16 weeks showed a slight increase in
weight gain velocity (g/week) in comparison to those
infants who were introduced to these foods after 25
weeks. Both of these studies [30,31] suggest that early
introduction of complementary foods might increase
body weight gain. Therefore, early introduction of com-
plementary foods, coupled with the increased energy
intake at each feeding in the infants from obese biological
mothers, as seen in our study, might set the stage for
future childhood obesity. However, we did not have data
to ascertain why obese mothers started complementary
feedings in their infants.
Infants may be introduced to complementary foods at dif-
ferent times. In the Feeding Infants and Toddlers Study
(FITS), 71% of the parents reported introducing comple-
mentary foods to their infants between four and six
months of age while the other 29% reported introducing
these foods to their infants at less than four months [32].
In another study were the National Health and Nutrition
Examination Survey (NHANES III) data were analyzed,
less than 25% of the parents reported feeding
complementary foods to their infants prior to four
months of age [33]. Moreover, the parents in both of these
studies [32,33] were similar in regards to social economic
status, age and ethnic background. In our study we did not
have data on why obese biological mothers were feeding
complementary foods to their infants. Moreover, neither
the FITS [32] nor the NHANES III [33] studies related
infant feeding practices to maternal body composition.
Table 4: Twenty-four hour metabolic rate and physical activity of infants born to normal weight and obese biological mothers
Parameters for infants Biological Mothers
Normal weight Obese
24-hr EE (kcal/kg body weight)1 76.0 ± 5.2 74.3 ± 4.3
RMR (kcal/kg body weight)2 65.0 ± 5.0 64.9 ± 3.4
SMR (kcal/kg body weight)3 63.0 ± 4.3 64.6 ± 4.1
24-hr PA (oscillations/min/kg body weight)4 2.9 ± 0.4 5.0 ± 2.4
RQ (VCO2/VO2)5 0.84 ± 0.03 0.89 ± 0.02
1 24-hr EE = Twenty four hour energy expenditure expressed per kg body weight
2 RMR = 24-hour resting metabolic rate expressed per kg body weight
3 SMR = 24-hour sleeping metabolic rate expressed per kg body weight
4 PA = physical activity as determined by the amount of oscillations in weight (g) derived from the balance within the EMTAC enclosure. Data 
includes periods of sleep
5 RQ = Respiratory quotient determined as the rate of carbon dioxide production/oxygen consumption in litersNutrition Journal 2005, 4:17 http://www.nutritionj.com/content/4/1/17
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There were no significant differences in any of the meta-
bolic parameters measured such as 24-hour energy
expenditure, resting and sleeping metabolic rates, respira-
tory quotient and the index of physical activity. Moreover,
there were no differences in any of the growth parameters
(weight for length, weight for age and length for age per-
centiles) between the two groups of infants at the time of
the study. Our results are in agreement with Stunkard et al
[28] who found no differences in growth parameters,
body composition, total energy expenditure by doubly
labeled water, sleeping metabolic rate or physical activity
in infants born to obese (greater than the 66th percentile
for BMI) or lean (<33rd percentile for BMI) biological
parents throughout the first year of life. In contrast to our
results and those of Stunkard [28], Roberts et al [8] found
reduced total daily energy expenditure in infants born to
obese parents as determined by the doubly-labeled water
method. The reduction of total daily energy expenditure
was due to less physical activity in these infants [8]. It is
possible that less interaction between obese mothers and
their infants [8] accounted for the reduction in physical
activity.
Since infants gain approximately 5 g/kg of body weight
per day at four months of age [34], it is possible that con-
stant additional caloric intake of those infants born to
obese biological mothers will be manifested as additional
daily body weight gain later in life. All these data suggest
that maternal influences on infant body composition may
not appear initially as obvious physical differences during
the first six months of life. It is possible that the differ-
ences detected among biological obese mothers and their
infants could affect the body composition of their infant
as they age.
There may be other factors beginning in infancy that may
be associated with the eventual increase in adiposity in
later life. For example, fewer, but larger feeds and a higher
sucking pressure were associated with greater adiposity in
toddlers at two years of age [13]. This is in partial agree-
ment with our results were we found that obese biological
mothers spent less time interacting and feeding their
infants. Moreover, infants from obese biological mothers
consumed more energy in less time at each feeding. It is
possible that the infants were hungrier due to the longer
time between feedings.
Another study reported that greater maternal BMI during
the first trimester of pregnancy was related to a higher
prevalence of obesity in children from two to four years
old. This is equivalent to 1 out of 4 children of obese
mothers becoming obese as opposed to only 1 out of 10
children from normal weight mothers [35]. Moreover, it
was also reported that a greater maternal BMI was a mod-
est predictor of their daughter's relative weight at five years
of age [36]. All of these studies [13,28,36] relate possible
maternal influences upon future obesity of their infants.
However, none eluted to the actual difference in the care
of infants from either normal or obese mothers such as
found in our analysis.
The association between the physical characteristics of
biological mothers and their infants has not been ascer-
tained. Six studies found no relationship between mater-
nal BMI and infant's body weight after the first year of life
[35,37-41] while two found such a relationship [42,43].
None of these studies accurately measured maternal body
composition and did not include direct observation of the
interaction dynamics between mothers and their infants.
This was done in our study using air displacement plethys-
mography for maternal body composition and direct
observation of food intake and feeding patterns including
the number and length of infant feedings and the amount
consumed at each meal during the entire 24-hour period.
Additionally the type and length of maternal interaction
with their infants revealed significant differences between
normal weight and obese biological mothers which may
not have been elucidated by other means. Though there
were a small number of infants studied the results suggest
that differences do exist on how mothers interact with
their infants, depending on their body composition.
Conclusion
This study provided some new insight as to possible influ-
ences, beginning in infancy, as to the possible causes of
childhood obesity. We have found additional factors that
may contribute to future childhood obesity. The ability to
conduct 24-hour metabolic rate measurements and direct
accurate recordings of the biological mother's interaction
with their infants elucidated specific differences in the
care of infants that were related to maternal body weight
and adiposity.
Abbreviations
EMTAC = Enhanced metabolic testing activity chamber
ANOVA = Analysis of Variance
BMI = Body mass index
EE = Energy expenditure
EI = Energy intake
RMR = Resting metabolic rate
SMR = Sleeping metabolic rate
PA = Physical activity indexNutrition Journal 2005, 4:17 http://www.nutritionj.com/content/4/1/17
Page 12 of 13
(page number not for citation purposes)
RQ = Respiratory quotient
CHO = Carbohydrates
PRO = Protein
FITS = Feeding Infants and Toddlers Study
NHANES = Nutrition Health and Nutrition Examination
Survey
Competing interests
The author(s) declare that they have no competing
interests.
Authors' contributions
Dr. Russell Rising has contributed to the design of the
experiment and conducted the data analysis. Further-
more, he either participated in some of the actual data
acquisition or supervised pediatric research fellows in this
regard. He also assisted in the preparation of the small
grants necessary for funding of this project. Finally, he
also assisted in the writing and editing of this manuscript.
Dr. Fima Lifshitz directed the research and contributed to
the preparation of the manuscript and assisted with data
analysis. He also generated some of the grant proposals
necessary for the financial support of this study. Both
authors were involved in the final writing of this
manuscript.
Acknowledgements
This work was supported in part by NIH grant (#1R43HD/DK38180-01A2) 
and by Pediatric Sunshine Academics.
References
1. Dietz WH: Overweight in childhood and adolescence. N Engl J
Med 2004, 350:9.
2. Bhargava SK, Sachdev HS, Fall CHD, Osmond C, Lakshmy R, Barker
DJP, Biswas SKD, Ramji S, Prabhakaran D, Reddy KS: Relation of
serial changes in childhood body-mass index to impaired glu-
cose tolerance in young adulthood.  N Engl J Med 2004,
350:865-875.
3. Wang G, Dietz WH: Economic burden of obesity in youths
aged 6 to 17 years: 1979–1999. Pediatrics 2002, 109:E81-100.
4. Gortmaker SL, Must A, Perrin JM, Sobol AM, Dietz WH: Social and
economic consequences of overweight in adolescence and
young adulthood. N Eng J Med 1993, 329:1008-1012.
5. Poulsen P, Vaag A: The impact of genes and pre-and postnatal
environment on the metabolic syndrome. Evidence from
twin studies. Panminerva Med 2003, 45:109-115.
6. Hanisch D, Dittmar M, Hohler T, Alt KW: Contribution of genetic
and environmental factors to variation in body compart-
ments-a twin study in adults. Anthropol Anz 2004, 62:51-60.
7. Speakman JR: Obesity: the integrated roles of environment
and genetics. J Nutr 2004, 134:2090S-2105S.
8. Roberts SB, Savage J, Coward WA, Chew B, Lucas A: Energy
expenditure and intake in infants born to lean and over-
weight mothers. N Engl J Med 1988, 318:461-466.
9. Parson TJ, Power C, Logan S, Summerbell CD: Childhood predic-
tors of adult obesity: a systematic review. Int J Obes Relat Metab
Disord 1999, 23:S1-S107.
10. Drewnowski A, Specter SE: Poverty and obesity: the role of
energy density and energy costs. Am J Clin Nutr 2004, 79:6-16.
11. Hediger ML, Overpeck MD, McGlynn A, Kuezmarski RJ, Maurer KR,
Davis WW: Growth and fatness at three to six years of age of
children born small-or- large-for-gestational age.  Pediatrics
1999, 104:E33.
12. Gillman MW, Rifas-Shiman SL, Camargo CA jr, Berkey CS, Frazier AL,
Rockett HR, Field AE, Colditz GA: Risk of overweight among
adolescents who were breastfed as infants.  JAMA 2001,
16:2461-2467.
13. Agras WS, Kraemer HC, Berkowitz RI, Hammer LD: Influence of
early feeding style on adiposity at 6 years of age. J Pediatr 1990,
116:805-809.
14. Dennison BA: Fruit juice consumption by infants and children:
a review. J Am Coll Nutr 1996, 15:4S-11S.
15. Rising R, Duro D, Cedillo M, Valois S, Lifshitz F: Daily metabolic
rate in healthy infants. J Peds 2003, 143:180-185.
16. Calle EE, Thun MJ, Petrelli JM, Rodriguez C, Heath CW jr: BMI and
mortality in prospective cohort of U.S. adults. N Eng J Med
1999, 341:1097-1105.
17. Dempster P, Aitkens S: A new air displacement method for the
determination of human body composition.  Med Sci Sports
Exerc 1995, 27:1692-1967.
18. Heyward VH, Stolarczyk LM: Skin-fold method. In Applied Body
Composition Assessment Edited by: Vivian H. Champaign, III: Human
Kinetics; 1996:21-43. 
19. De Bruin NC, Van Velthoven KA, Stijnen T, Juttmann RE, Degenhart
HJ, Visser HK: Body fat and fat-free mass in infants: new and
classic anthropometric indexes and prediction equations
compared with total-body electrical conductivity. Am J Clin
Nutr 1995, 61:1196-1205.
20. Rising R, Alger S, Boyce V, Seagle H, Ferraro R, Fontvieille AM,
Ravussin E: Food intake measured by an automated food
selection system: relationship with energy expenditure. Am J
Clin Nutr 1992, 55:343-349.
21. Duro D, Rising R, Cedillo M, Lifshitz F: Association between colic
history in the first three months of life and carbohydrate
malabsorption from fruit juices in infancy.  Ped 2002,
109:797-805.
22. Cole C, Rising R, Lifshitz F: Are there consequences of incom-
plete carbohydrate absorption from fruit juice consumption
in infants ? Arch Pediatr Adolesc Med 1999, 153:1098-1102.
23. Rising R, Larson DE, Ravussin E: Do obese eat faster than lean
subjects: Food intake studies in Pima Indian men. Obes Res
1994, 2:19-23.
24. Ravussin E, Lillioja S, Anderson TE, Christin L, Bogardus C: Determi-
nants of 24-hour Energy expenditure in man: Methods and
results using a respiratory chamber.  J Clin Invest 1986,
78:1568-1578.
25. Jequier E: Long-term measurement of energy expenditure in
man: direct and indirect calorimetry. Recent advances in obesity
research. Libbey, London 1981, 3:130-135.
26. Cole C, Rising R, Mehta R, Hakim A, Choudhury S, Sundaresh M, Lif-
shitz F: Comprehensive assessment of the components of
energy expenditure in infants using a new infant respiratory
chamber. J Am Coll Nutr 1999, 18:233-41.
27. Reichman BL, Chessex P, Putet G, Verellen GJE, Smith JM, Heim T,
Swyer PR: Partition of energy metabolism and energy cost of
growth in the very low-birth-weight infant.  Ped 1982,
69:446-451.
28. Stunkard AJ, Berkowitz RI, Stallings VA, Schoeller DA: Energy
intake, not energy output, is a determinant of body size in
infants. Am J Clin Nutr 1999, 69:524-530.
29. Tremblay A, Despres JP, Theriault G, Fournier G, Bouchard C: Over-
feeding and energy expenditure in humans. Am J Clin Nutr 1992,
56:857-862.
30. Baker JL, Michaelsen KF, Rasmussen KM, Sorensen TI: Maternal
prepregnant body mass index, duration of breastfeeding,
and timing of complementary food introduction are associ-
ated with infant weight gain. Am J Clin Nutr 2004, 80:1579-1588.
31. WHO Working group on the growth reference protocol and the
WHO ask force on methods for the national regulation of fertility:
Growth of healthy infants and the timing, type and frequency
of complementary foods. Am J Clin Nutr 2002, 76:620-627.Publish with BioMed Central    and   every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published  immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
Nutrition Journal 2005, 4:17 http://www.nutritionj.com/content/4/1/17
Page 13 of 13
(page number not for citation purposes)
32. Briefel RR, Reidy K, Karwe V, Devaney B: Feeding infants and tod-
dlers study: Improvements needed in meeting infants feed-
ing recommendations. J Am Diet Assoc 2004, 104:S31-37.
33. Hediger ML, Overpeck MD, Ruan WJ, Troendle JF: Early infant
feeding and growth status of US-born infants and children
aged 4–71 mo: analysis from the third National Health and
Nutrition Examination Survey, 1988–1994. Am J Clin Nutr 2000,
72:159-167.
34. DeBruin NC, Degenhart HJ, Gal S, Westerterp KR, Stijnen T, Visser
HKA: Energy utilization and growth in breast-fed and for-
mula-fed infants measured prospectively during the first
year of life. Am J Clin Nutr 1998, 67:885-896.
35. Edwards LE, Dickes WF, Alton IR, Hakanson EY: Pregnancy in the
massively obese: course, outcome and prognosis of the
infant. Am J Obstet Gynecol 1978, 131:479-483.
36. Birch LL, Fisher JO: Mothers' child-feeding practices influence
daughters' eating and weight. Am J Clin Nutr 2000, 71:1054-1061.
37. Cardon L: Genetic influences on body mass index in early
childhood. In Behavior genetic approaches in behavioral medicine Edited
by: Turner L, Cardon L, Hewitt J. New York: Plenum Press;
1995:133-143. 
38. Whitaker RC, Wright JA, Pepe MS, Seidd RD, Dietz WH: Predicting
obesity in young adulthood from childhood and parental
obesity. N Engl J Med 1997, 337:869-873.
39. Morgan J: Parental weight and its relation to infant feeding
patterns and infant obesity. Int J Nurs Stud 1986, 23:255-264.
40. Kramer MS, Barr RG, Leduc DG, Boisjoly C, McVey WL, Pless JB:
Determents of body weight and adiposity in the first year of
life. J Pediatr 1985, 106:10-14.
41. Berkowitz RI, Agras , Korner AF, Kraemer HC, Zeanah CH: Physical
activity and adiposity: a longitudinal study from birth to
childhood. J Pediatr 1985, 106:734-738.
42. Rummler S, Woit I: Zur postnatalen Entwicklung von Kindern
adiposer Mutter. (On the postnatal development of children
of obese mothers). Z Geburtshilfe Perinnatal 1990, 194:254-259.
43. Hashimoto N, Kawasaki T, Kikuchi T, Takahashi H, Uchiyama M:
Influence of parental obesity on the physical constitution of
preschool children in Japan. Acta Paediatr Jap 1995, 37:150-153.